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Description 

[0001] This invention relates to a device used with an 
optical fiber to diffuse light from a light-emitting end of 
the optical fiber to an object to be illuminated, heated or s 
irradiated thereby. More particularly, the present inven- 
tion relates to a tip for an optical fiber which is useful for 
diffusing the light from the optical fiber in a radial distri- 
bution pattern relative to the axis of the tip and along a 
length of the tip. 10 
[0002] There are several methods that have been de- 
veloped to obtain a cylindrical distribution of light energy 
from an optical fiber. One such method involves choos- 
ing a ratio of the indices of refraction between the outer 
transparent cladding and the core of the optical fiber so is 
that internal reflection within the core is substantially 
less than total. The fiber thus obtained is a radiator rath- 
er than an internally reflecting transmitter and thus, al- 
lows light to radiate outwardly from the core and through 
the transparent cladding. The fiber produced by this 20 
method, however, has failed to provide a uniform output 
intensity distribution which is desirable for a variety of 
applications, such as the processing of materials in 
which the materials must be irradiated uniformly. 
[0003] Other methods that have been developed for 25 
obtaining a cylindrical distribution of fight include textur- 
ing the outer surface of the core, such as by acid etching 
the core, to produce a ground glass effect, embedding 
light scattering particulates near the outer surface of the 
core or throughout the cladding, and combinations of 30 
these alterations of the optical fiber. However, these al- 
terations often weaken the fiber, thereby limiting the 
usefulness of the fiber in a variety of applications, such 
as those requiring a flexible fiber which is resistant to 
breakage. 35 
[0004] Document WO 9 325 1 55 A discloses a tip for 
an optical fiber comprising a silicone core which abuts 
the core of the fiber, a surrounding layer of silicone with 
scatterers dispersed therein, and an outer cladding of 
plastic tubing. With this tip construction, when the. light *o 
from the optical fiber meets the silicone core of the tip, 
the light is dispersed rather than guided within the sili- 
cone core, whereupon light dispersed towards and en- 
tering the scattering layer is further dispersed before ex- 
iting the outer cladding. The scattering layer is modified *5 
in terms of the arrangement and concentration of scat- 
terers embedded therein to obtain a desired intensity 
distribution of the light diffused by the tip. However, as 
light is dispersed in the core as well as the scattering 
layer of the tip, modification of the scattering layer is an 50 
inadequate means of controlling the intensity distribu- 
tion profile of the light diffused by the tip. 
[0005] It is a primary object of the present invention 
to provide a light-diffusing tip for an optical fiber which 
provides light on the surface along the length of the tip 55 
useful for illuminating, heating or irradiating a targeted 
object. 

[0006] It is another object of the present invention to 



provide a method of using such a light-diffusing tip, such 
as a method of inserting the light-diffusing tip into a tar- 
geted object and providing light on the surface and along 
a length of the tip sufficient to illuminate, to heat or to 
irradiate the targeted object. 

[0007] Further objects of the present invention include 
providing an apparatus incorporating such a light-diffus- 
ing tip and providing a method of producing such a tip. 
[0008] According to a primary aspect of the present 
invention, briefly and generally, an optical fiber is pro- 
vided with a light-diffusing tip at a light-emitting end of 
the fiber. The light-diffusing tip has an inner light-trans- 
missive material at its core which abuts the end of the 
optical fiber. The tip also has an outer light-transmissive 
material which circumferentially surrounds the core. The 
core material and the outer material are selected on the 
basis of their respective optical properties so that to- 
gether they define a light guide for the light transmitted 
from the end of the fiber to the tip. 
[0009] If the tip were merely a light guide, a light ray 
entering the tip would be confined within the core of the 
tip until it could exit the core at its distal end. However, 
in the present invention, the outer material of the tip is 
processed in such a way as to transmit light from the 
core of the light guide to the outer surface and along the 
length of the tip. 

[0010] More particularly, the outer material is modi- 
fied, for example, roughened or abraded, along its inter- 
nal surface which is adjacent to the core material, such 
that light travelling along the light guide which encoun- 
ters the modified surface is radially diffused toward the 
outside surface of the tip. Preferably, the internal surface 
of the outer material is modified in such a way that light 
travelling along the light guide is diffused to the outer 
surface of the tip in a substantially uniform intensity pro- 
file along the tip length. 

[001 1] In the present invention, the internal surface of 
the outer material may be uniformly abraded along the 
length of the tip. Alternately, the internal surface of the 
outer material may be increasingly abraded along the 
length of the tip toward its distal end. In a tip with an 
increasingly abraded internal surface, a light ray which 
remains guided within the core for some distance along 
the tip is likely to encounter, at some point further along 
the tip length, an abrasion on the internal surface that 
is sufficient to diffuse the light ray radially toward the out- 
side surface of the tip. This minimizes the possibility of 
light rays being guided along the entire length of the tip 
to form an undesirable hot spot at the distal end of the 
tip. 

[001 2] Additional objects, advantages and features of 
the present invention will become apparent from the fol- 
lowing description of its preferred embodiments, which 
description should be taken in conjunction with the ac- 
companying drawings. 

Figure 1 is an illustration of an apparatus for diffus- 
ing light from an optical fiber, according to the 
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present invention; 

Figure 2 is an illustrative plot of light flux density rel- 
ative to distance along a light-diffusing tip, accord- 
ing to the present invention; 

Figure 3 is a cross-sectional view of a light-diffusing 5 
tip, according to an embodiment of the present in- 
vention; 

Figure 4 is a cross-sectional view of a light-diffusing 
tip, according to another embodiment of the present 
invention; 

Figure 5 is a sectional view of the light-diffusing tip 
of Figure 3, taken at section 5-5 thereof; 
Figure 6 is a sectional view of the light-diffusing tip 
of Figure 4, taken at section 6-6 thereof; 
Figure 7 is a cross-sectional view of a light-diffusing 
tip, illustrating a possible combination of various 
features of the present invention; 
Figure 8 is a cross-sectional view of a light-diffusing 
tip, illustrating a possible combination of various 
features of the present invention; 
Figure 9 is a cross-sectional view of a distal end por- 
tion of a diffusing tip, illustrating a possible combi- 
nation of various features of the present invention; 
and, 

Figure 10 is a cross-sectional view of a portion of a 
diffusing tip, schematically illustrating a possible 
travel path of a light ray relative to the diffusing tip. 

[001 3] An apparatus 1 0 for diffusing light from an op- 
tical fiber according to the present invention is illustrated 
generally in Figure 1 . The apparatus includes a source 
of light energy 12, which is preferably a laser. The 
source 12 has a connection port 14 through which a 
proximal end 1 5 of an optical fiber 1 6 can be seated such 
that the source and the optical fiber are in optical com- 
munication. 

[0014] The apparatus 10 may be configured to pro- 
vide such optical communication between the source 1 2 
and the optical fiber 16 in ways known in the art. Pref- 
erably, the apparatus is configured as disclosed in doc- 
ument EP 077 063 A2 (corresponding to United States 
Patent Application Serial No. 08 /551 , 009 , entitled "Fiber 
Optic Radiation Transmission System, Connector Sys- 
tem for an Optical Fiber, and Methods of Using Same" 
and filed concurrently herewith by Evans et a I.). 
[0015] When the apparatus 10 is in use, light energy 
is transmitted from the source 12 to the proximal end 15 
of the optical fiber 16 via the optical communication con- 
figuration described above. The light energy travels the 
length (shown abbreviated) of the optical fiber 16 to a 
light-transmitting distal end 18. 
[001 6] According to the present invention, a diffusing 
tip 20 is provided to diffuse light that is emitted from the 
distal end 18 of the optical fiber 16 radially to an outside 
surface along a length of the tip. Light diffused in this 
manner can be usefully applied to an object 22, for ex- 
ample, to illuminate, to heat or to irradiate the object. 
While the object 22 is shown in cross-section as a solid 



material into which the diffusing tip 20 is inserted, it will 
be understood that the object may be any of a variety of 
objects in any of a variety of forms that might be usefully 
illuminated, heated or irradiated. By way of example, the 
object may be a heat sensitive material in annular form 
which is suitable for heat-shrinking around another an- 
nular structure upon the application of heat from the dif- 
fusing tip. 

[0017] As further described herein, the diffusing tip 20 
is designed to transmit light radially from its outside sur- 
face and along its length. The diffusing tip is particularly 
useful in applications in which it is desirable to illumi- 
nate, to heat, or to irradiate (hereinafter, to irradiate) an 
object uniformly, for example, in order to obtain uniform, 
predictable and reproducible results. Additionally, the 
diffusing tip 20 is well suited for applications in which, 
for safety reasons or to satisfy other processing require- 
ments, it is necessary to irradiate the object uniformly. 
By way of example, it is often desirable to irradiate an 
object uniformly, particularly avoiding a non-uniform dis- 
tribution of energy which can result in hot spots, or the 
undesirable concentration of light energy of high inten- 
sity in a localized area on the tip surface, and thus, a 
non-uniform and potentially damaging irradiation of the 
object. 

[0018] Figure 2 shows an illustrative plot of the light 
intensity, or flux density (in Watts/cm 2 ) of light, transmit- 
ted by a light-diffusing tip 20 relative to the distance 
along the length L of the tip, which is schematically de- 
picted below the plot. Line 22 indicates the irradiating 
portion of the length of the tip, which may be of the same 
or different length than the length L of the tip. Preferably, 
the irradiating portion extends along the length L of the 
tip, as shown. 

[0019] The bold-face line 24 shows a desirable uni- 
form distribution of light energy transmitted radially from 
tip and along a length of the tip. The normal-face line 26 
shows the light intensity profile for the diffusing tip 20, 
according to an embodiment further described herein. 
As shown in Figure 2, the diffusing tip 20 provides a sub- 
stantially uniform intensity profile of light energy radially 
transmitted at least along the irradiating portion 22 of 
the tip length L. 

[0020] The light-diffusing tip 20 is shown in greater de- 
tail in Figure 3, according to an embodiment of the 
present invention. The diffusing tip 20 extends for any 
of a variety of lengths, such as L 1 and L 2 described here- 
in, along its longitudinal axis A and is coaxial with re- 
spect to the distal end 18 of the optical fiber 16. Here- 
inafter, the terms "proximal" and "distal" used in relation 
to the tip 20 refer to relative spatial locations of features 
nearest to and farthest from, respectively, the distal end 
18 of the optical fiber 16. 

[0021] As shown in Figure 3, the diffusing tip 20 abuts 
and circumferentially surrounds the distal end 1 8 of the 
optical fiber 16. The optical fiber 16 may be a standard 
optical fiber, such as a graded-index fiber or a step-index 
fiber, having a core 32, typically composed of glass, a 
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cladding 34, and a jacket 36. Preferably, the optical fiber 
is a step index fiber having a glass core. Preferably, the 
core 32 has an index of refraction from about 1 .4 to 1 .7. 
More preferably, the core 32 has an index of refraction 
of about 1 .45. 

[0022] At the distal end 1 8 of the optical fiber, the jack- 
et 36 is preferably stripped away from the fiber to expose 
the core 32, as shown. The cladding 34 may be either 
stripped away from the distal end 18 of the fiber to ex- 
pose the core 32, as shown, or flush with the distal end 
18. In the latter case, the cladding 34 should be com- 
posed of a material which is resistant to operating tem- 
peratures. 

[0023] The diffusing tip 20 is composed of a central 
core 38 and an outer covering 40 which abuts and cir- 
cumferentially surrounds the central core. As shown, the 
central core 38 abuts and circumferentially surrounds 
the distal end 18 of the optical fiber 16. Thus, when light 
is emitted from the distal end 18, light rays are transmit- 
ted into the central core 38 of the diffusing tip. 
[0024] The central core 38 and the outer covering, or 
sleeve 40, are composed of light-transmitting materials 
so that light transmitted into the core 38 can be trans- 
mitted to the outer surface 44 of the covering 40, as fur- 
ther described herein. These materials are selected to 
be resistant to operating temperatures, particularly op- 
erating temperatures ranging from about zero to about 
250°C. Additionally, the core and the covering materials 
are selected to produce a light guide, wherein the inner 
surface 46 of the covering 40 confines the light rays to 
the core 38. More particularly, the materials of the core 
38 and the covering 40 are selected based on their dif- 
fering optical properties to define a light guide over the 
operating temperature range. 
[0025] Thus, the diffusing tip 20 is basically a guiding 
device in which light is transmitted down the length of 
the core 38. However, the tip is modified in such a way 
(described below) that light is removed, or radially dis- 
tributed, from the guiding device in a controlled manner 
along at least a portion of the length L of the tip. Light 
that is not removed is transmitted further down the guid- 
ing device where subsequently, it can be removed or 
further transmitted, as desired. 
[0026] The guiding aspect of the tip 20 is generally 
achieved when the index of refraction of the core mate- 
rial 38 is greater than the index of refraction of the cov- 
ering material 40. Thus, the core and covering materials 
are preferably selected such that at least along the irra- 
diating portion 22 of the tip 20, the core material 38 has 
an index of refraction over the temperature range of in- 
terest that is greater than that of the covering material 
40. 

[0027] The guiding nature of the tip 20 may also be 
characterized by a quantity, the numerical aperture (N. 
A.), which is a measure of the light-gathering or collect- 
ing power of the tip. The numerical aperture is defined 
as follows: 



N.A. = (n 1 2 -n 2 2 ) 1/2 , 

where ^ is the index of refraction of the core material 
5 38 and n 2 is the index of refraction of the covering ma- 
terial 40; and 

N.A. = sine, 

10 

where 0 is the half angle of the acceptance cone (meas- 
ured outside of the tip in air) for the tip, which is the max- 
imum angle with respect to the longitudinal axis A of the 
tip 20 at which light rays can be accepted for transmis- 

15 sion, or total internal reflection, down the core 38 of the 
tip. Thus, the core and the covering materials are pref- 
erably selected so that a tip having a very large numer- 
ical aperture may be obtained, if desired. 
[0028] Preferably, the core material 38 has an index 

20 of refraction ranging from about 1 .4 to about 1 .8 and the 
covering material has an index of refraction ranging from 
about 1.3 to about 1.4 over the operating temperature 
range. More preferably, the core material 38 and the 
covering material 40 have indices of refraction of about 

25 1 .5 and 1 .35, respectively, over the operating tempera- 
ture range. 

[0029] Most preferably, the core material 38 is an op- 
tically transparent silicone. The index of refraction for 
silicone is quite temperature sensitive, decreasing as 
30 the temperature increases. 

[0030] The covering material 40 is preferably com- 
posed of a fluoro polymer, such as tetrafluoroethylene 
(TFE), fluorinated ethylene-propylene (FEP), or per- 
fluoroalkoxy (PFA), and most preferably, composed of 
35 PFA. Such covering materials are commercially availa- 
ble from Zeus Industrial Products, Inc. of Orangeburg, 
South Carolina. The indices of refraction for fluoropoly- 
mers are generally not as temperature sensitive as the 
index of refraction for silicone. 
to [0031] Additionally, the covering 40 may be, and pref- 
erably is, impregnated with BaS0 4 . BaS0 4 is useful for 
a number of purposes, for example, to enhance the 
smoothness of the light intensity profile of the diffusing 
tip, to enhance the stiffness of the tip (i.e., for tip inser- 
ts tion purposes), to provide a quiescent output coupling 
rate, and/or to provide radiopaque behavior (i.e., for vis- 
ualization purposes). Preferably, the covering 40 is im- 
pregnated throughout with a uniform concentration of 
BaS0 4 particulates, 
so [0032] As mentioned above, while the tip 20 is basi- 
cally a guiding device, it is modified so that light can be 
radially transmitted from the core 38 to the outer surface 
44 of the tip and along at least a portion of the length L 
of the tip in a controlled manner. More particularly, the 
55 internal surface 46 of the covering 40 is modified in such 
a way as to remove a certain amount of the internally 
reflecting light from the core 38. The percentage of light 
removed from the core is a function of several factors, 
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such as the operating temperature range and the rela- 
tive indices of refraction of the core 38 and the cladding 
40 over that temperature range, the angular distribution 
of the light transmitted from the optical fiber 16 into the 
tip 20, the angle of incidence of the light (described be- 
low), and the distribution of surface modifications on the 
internal surface 46. 

[0033] By way of example, Figure 1 0 schematically il- 
lustrates the travel of a light ray, represented by arrowed 
line 70, from the distal end of the optical fiber (not 
shown) through the diffusing tip 20. The light ray 70 trav- 
els within the central core 38 at an angle of incidence 
6', which is measured relative to a line perpendicular to 
the internal surface 46 of outer covering 40. Upon meet- 
ing a relatively smooth portion 72 of the modified internal 
surface 46, the light ray may be internally reflected for 
further propagation within the core 38. Alternately, upon 
meeting a sufficient surface modification 74 of the mod- 
ified internal surface 46, the light ray may be propagated 
into the outer covering 40, as represented by arrows 76, 
for further transmission from the tip 20. By way of ex- 
ample, the surface modification 74 may be of sufficient 
dimension or angular orientation to deflect the light ray 
from the core 38 and into the outer covering 40. 
[0034] The internal surface 46 may be modified in a 
number of ways for this purpose, for example, rough- 
ened, textured, abraded, scratched, filed, rasped, 
scraped, notched, etched, purposefully flawed, or spe- 
cially shaped, molded or otherwise formed into a non- 
homogeneous, edgy or angled surface 46, as depicted 
in Figure 3. The modification of the internal surface 46 
is such that, when a light ray that is transmitted down 
the core 38 encounters the internal surface 46, the mod- 
ification alters the normal trajectory of the ray, allowing 
it to escape the core for transmission to the outer surface 
44 of the diffusing tip. 

[0035] Preferably, the tip 20 has an internal surface 
46 that is modified sufficiently such that light is transmit- 
ted radially from the tip and along a length thereof in 
substantially uniform intensity distribution, as depicted 
in Figures 2 and 5. Particularly, light of substantially uni- 
form intensity is transmitted radially, as depicted by the 
arrows (representing light rays) in Figure 5, and along 
at least a portion of the length L of the tip, as shown in 
Figure 2. Thus, light of substantially uniform intensity 
may be transmitted in a substantially cylindrical distribu- 
tion pattern relative to the outside surface of the diffusing 
tip 20. 

[0036] According to the present invention, the diffus- 
ing tip 20 may be adapted to transmit light in a prese- 
lected direction relative to the outer surface 44. For ex- 
ample, the preselected direction may be along the 
length L of the tip or azimuthal with respect to the lon- 
gitudinal axis A of the tip. By way of illustration, the in- 
ternal surface 44 of the covering 40 may be modified in 
such a way that light is transmitted radially from the tip, 
but on a side or along a portion 48 of the circumference 
of the tip to the exclusion of another side or circumfer- 



ential portion 50 of the tip, as depicted in Figure 6. Figure 
4 shows such a configuration in which the internal sur- 
face 46 is modified to be non-homogeneous only along 
a side or a portion 52 of the circumference, the remain- 

5 ing side or portion 54 being smooth or unmodified. Pref- 
erably, the surface modification is such that light of sub- 
stantially uniform intensity is transmitted radially from 
portion 48 of the tip, as depicted by the arrows (repre- 
senting light rays) in Figure 6, and along at least a por- 

10 tion of the length L of the tip, as shown in Figure 2. 
[0037] The light-diffusing tip 20 may take a variety of 
forms and combinations of the various features de- 
scribed herein. For example, the tip 20 may include a 
scattering portion 56 at the distal end of the central core 

15 38, as shown in Figure 7. The scattering portion 56 is 
effective in preventing the formation of a hot spot at the 
distal end of the tip, in that it scatters light that has 
reached the distal end of the core 38 and thus, reduces 
the amount of light transmitted longitudinally further 

20 down the tip. The scattering portion 56 thus acts as col- 
lector of photons. 

[0038] The scattering portion 56 may be much shorter 
in length than the irradiating portion 22 of the tip 20. For 
example, for a tip that is two centimeters in length, the 

25 scattering portion may be two millimeters in length. 
Scattering portion 56 is composed of a suitable scatter- 
ing material for scattering light in the manner described 
above, and may include particulates 58 dispersed in a 
relatively homogeneous medium 60. 

30 [0039] Preferably, scattering portion 56 is composed 
of an optically clear scattering material which is optically 
and chemically inert at operating temperatures. For ex- 
ample, the scattering material may be selected from the 
group consisting aluminum oxide, titanium dioxide and 

35 diamond powder The scattering material is preferably 
aluminum oxide, and more preferably, includes alumi- 
num oxide particulates. Most preferably, the scattering 
material includes a silicone medium with aluminum ox- 
ide particulates uniformly dispersed therein. 

40 [0040] As described herein, the diffusing tip 20 has an 
internal surface 46 which is modified such that light is 
radially transmitted from the core 38 in a controlled man- 
ner. In Figures 3-6, 8 and 9, the modified internal surface 
46 is depicted as being relatively constant in terms of 

45 the distribution of surface modifications adjacent to and 
along a length of the core 38. This relatively constant 
distribution of surface modifications along the internal 
surface 46 may be obtained, for example, by uniformly 
abrading the internal surface from a proximal portion to 

so a distal portion thereof. 

[0041] The internal surface 46 may be modified in a 
more differentiated manner, if desired. By way of exam- 
ple, the internal surface 46 of the covering 40 may be 
modified such that the distribution of surface modifica- 

55 tions increases along a length of and towards the distal 
end of the internal surface, as depicted in Figure 7. This 
distribution may be obtained, for example, by increas- 
ingly abrading the internal surface from a proximal por- 



5 



9 



EP 0 772 062 B1 



10 



tion to a distal portion thereof. Such a distribution allows 
an amount of light to be transmitted radially from the 
core 38 via its proximal, less modified portions of the 
internal surface 46, while allowing a sufficient amount 
of light to be transmitted further down the core 38 to be 
transmitted radially from the core at a distal location, via 
its distal, more modified portions of the internal surface. 
Thus, the tip 20 diffuses light controllably, in a desired 
light intensity profile, radially and along an irradiating 
portion 22 of its length L. 

[0042] The above-described distribution of surface 
modifications is shown as an increasing spatial distribu- 
tion in Figure 7, wherein the spatial distribution is more 
concentrated towards the distal end of the internal sur- 
face 46. By way of example, the surface modifications 
may be increasingly concentrated in a graduated man- 
ner, such that at locations corresponding to 10, 20, and 
up to 100 percent of the irradiating portion 22 of the tip 
length, the light output couplings are 10, 20, and up to 
100 percent of the light travelling down the irradiating 
portion, respectively. Alternately or additively, the distri- 
bution of surface modifications may be an increasing di- 
mensional distribution, wherein the size of the surface 
modifications increases along a length of and towards 
the distal end of the internal surface. 
[0043] The surface modifications of the diffusing tip 
20 are useful to control the light intensity profile at the 
outer surface 44 of the tip. By way of example, the flux 
density, or light intensity, profile 26 for a diffusing tip 20 
relative to the length L from the proximal to the distal 
end of the tip is shown in Figure 2. The profile is for a 
diffusing tip 20 having a central core 38 of silicone, a 
covering 40 of PFA impregnated with BaS0 4 and uni- 
formly abraded along internal surface 46, a scattering 
portion 56 of about 2mm along tip length L of a silicone 
medium 60 in which aluminum oxide particulates 58 are 
uniformly dispersed, and a length L of one centimeter, 
Also shown is a desirable uniform, flux density, or light 
intensity, profile 24 for a diffusing tip. 
[0044] The light intensity profile 26 substantially fol- 
lows the desired profile 24 in its rise to a first peak 28. 
The first peak 28 reflects the light output coupling result- 
ing from the surface modifications along the internal sur- 
face 46 of the covering 40 at a proximal end of the irra- 
diation portion 22. The profile 26 dips only slightly rela- 
tive to the desired profile 24 before returning to meet the 
desired profile 24 in its rise to a second peak 30. (This 
dip may result from one or more of the factors described 
herein as possibly affecting the percentage of light re- 
moved from the core 38 of the diffusing tip 20.) The sec- 
ond peak 30 reflects the light output coupling resulting 
from the surface modifications along the internal surface 
46 of the covering 40 at a distal end of the irradiation 
portion 22. Finally, the profile falls off in substantial con- 
formity with the desired profile 24 towards the end. of 
the irradiating portion 22 of the tip. Thus, the light inten- 
sity profile 26 for the diffusing tip 20 substantially follows 
the desired uniform light intensity profile 24, providing a 



substantially uniform light intensity profile along the ir- 
radiating portion 22 of the tip length. The diffusing tip 20 
thus eliminates or reduces hot spot formation on its ir- 
radiating outer surface. 

5 [0045] The diffusing tip 20 may include a temperature 
sensor to measure temperature at various tip locations, 
for example, to monitor for hot spot formation. Figure 8 
illustrates several temperature sensors, such as individ- 
ual temperature sensors 62 and annular, or o-ring, tem- 

10 perature sensors 64, located, by way of example, adja- 
cent to and along the internal surface 44 of the core 38 
and within the core 38 towards its distal end. The tem- 
perature sensors are preferably optical temperature 
sensors. Most preferably the optical temperature sen- 

15 sors are composed of alexandrite, which has tempera- 
ture-dependent fluorescing properties. These fluoresc- 
ing properties can be detected in ways known in the art, 
for example, by a phase-sensitive detection system, and 
related to the temperature of the tip 20 at a particular 

20 location. 

[0046] According to an aspect of the invention, the lat- 
eral stability or the strength of the light-diffusing tip 20 
may be enhanced, as shown in Figure 8. This aspect of 
the invention is preferred when the diffusing tip is rela- 

25 tively long, such as two centimeters in length, or when 
the tip is inserted into, or is used to penetrate or to punc- 
ture, a target object 22. According to this aspect of the 
invention, the core 32 of the optical fiber 16 extends lon- 
gitudinally into the central core 38 of the tip 20 for a dis- 

30 tance D sufficient to provide the desired stability or 
strength. Additionally, the central core 38 and the core 
32 are selected such that along the distance D, when 
light is transmitted from the distal end 18 of the optical 
fiber 16, the light is transmissible from the core 32 to the 

35 central core 38 over the operating temperature range. 
[0047] Thus, according to this aspect of the invention, 
the central core 38 has an index of refraction over the 
operating temperature range which is equal to or greater 
than that of the core 32. Preferably, the central core 38 

<o has an index of refraction over the operating tempera- 
ture range which matches that of the core 32. Alternate- 
ly, for example, when available' materials are limited, the 
central core 38 may have an index of refraction over the 
operating temperature range which is greater than that 

45 of the core 32, so that light is transmissible from the core 
32 to the central core 38 over the operating temperature 
range. As described above, the core 32 of the optical 
fiber 16 is typically made of glass and the central core 
38 is preferably made of silicone. The glass core 32 has 

50 an index of refraction which is not as temperature sen- 
sitive as that of silicone. The index of refraction for the 
core 32 is typically from about 1 .4 to about 1 .7, and pref- 
erably, about 1.45, while the index of refraction for the 
central core 38 is typically from about 1.4 to 1.8, and 

55 preferably, about 1 .5. 

[0048] The diffusing tip 20 may terminate in a variety 
of ways to suit various applications. By way of example, 
the diffusing tip may terminate in a blunt distal end, as 
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indicated by the broken line 48 of Figure 3, thus having 
a length L v Alternately, the tip may terminate in a ta- 
pered or pointed distal end, as indicated by distal end 
50, thus having a length L 2 . In the latter example, the 
distal end 50 may be an independent structure which is 
attached to the diffusing tip 20, for example, at broken 
line 48, or may be formed as part of the covering 40. 
[0049] Additionally, the tip may terminate in a distal 
end, such as 48 or 50, which is adapted to facilitate in- 
sertion of the tip into, or the puncturing or penetration 
of, the object 22 to be irradiated. For example, the distal 
end of the tip may be sharp, pointed, and/or have a 
puncturing tip 66 attached to or molded into the tip struc- 
ture, as illustrated in Figure 9. The puncturing tip 66 is 
composed of a material sturdy enough for efficient and 
safe puncturing, such as ceramic or gold. Preferably, the 
puncturing tip 66 is composed of a sturdy material of 
high reflectivity, such as 24 karat gold, so that light is not 
absorbed by the material to produce a hot tip. 
[0050] The diffusing tip 20 can be produced in a vari- 
ety of lengths, some of which may be better suited for a 
particular application depending, for example, on the 
geometry of the object 22 to be irradiated. According to 
two particular embodiments of the invention, the diffus- 
ing tip is produced in lengths of one centimeter and two 
centimeters, respectively. 

[0051] A method of producing a diffusing tip 20 ac- 
cording the invention is now described. A light-transmis- 
sive annular covering or tip material 40 is provided. The 
tip material 40 is either provided with a closed distal end 
or the end is processed, such as by molding or heat 
treatment, to close the distal end. Optionally, a point may 
be formed at the distal end of the tip 40 using a tipping 
die, a long needle-shaped mandrel, and heat treatment. 
[0052] The internal surface 46 of the closed tip 40 is 
modified, as described above. A brush, preferably made 
of wire, is inserted into the open, proximal end of the tip 
40 and rotated therein, preferably unidirectionally, so 
that the bristles of the brush abrade the internal surface 
46 of the tip. For a uniformly abraded surface, the wire 
brush is rotated uniformly as it is pulled outwardly from 
the distal to the proximal end of the tip, for example, by 
rotating the brush a certain number of turns as it is pulled 
outwardly a given distance. For an increasingly abraded 
surface, the wire brush is rotated more, initially, and less, 
as it is pulled outwardly towards the proximal end of the 
tip. Alternately, the internal surface 40 may be modified 
using a grinding tool to abrade the surface. Preferably, 
the grinding tool is impregnated with diamond powder 
which has good abrasive properties and is optically in- 
ert. The abrading method may also include rotating a 
drill bit within the tip such that the bit abrades the internal 
surface. 

[0053] The modified tip 40 is filled with a light-trans- 
missive core material 38, which is provided as a fluid. 
The distal end 18 of an optical fiber 16, which may be 
stripped to expose a portion, or an extended portion (as 
in Figure 8), of its core 32, is placed in the modified tip 



40. Once the modified tip 40 is filled and the optical fiber 
16 is placed therein, the tip is heat treated sufficiently to 
solidify, or to cure, the core material 38 and thus, pro- 
duce the diffusing tip 20. Alternately, a temperature sen- 
5 sor may be placed in the tip 20 prior to heat treating, so 
that it becomes set with respect to the cured core ma- 
terial 38. 

[0054] The method of producing the diffusing tip 20 
may include filling the distal end of the modified tip 40 

10 with a light-transmissive material 60 having a scattering 
material 58 dispersed therein, before filling the remain- 
ing proximal portion of the modified tip 40 with the light- 
transmissive core material 38. Further, the method may 
include heat treating the modified tip 40 sufficiently to 

15 solidify, or to cure, the material 60, for example, to form 
the scattering portion 56 of Figure 7, prior to filling the 
remaining proximal portion of the modified tip and plac- 
ing the distal end of the optical fiber therein, and subse- 
quently, heat treating the modified tip to form the diffus- 

20 ing tip 20. 

[0055] The diffusing tip 20 can be used in a variety of 
ways, such as to illuminate, to heat or to irradiate an 
object, or a selected material, with light from a light-emit- 
ting portion 22 of the outside surface 44 of the tip. The 

25 tip may be used to transmit light to the material in a sub- 
stantially uniform intensity profile along the length of the 
light-emitting portion 22. This aspect of the invention 
may be particularly useful for certain applications, such 
as the heating or photon-irradiation of a volumetric ma- 

30 terial or the illumination of an annular material, where 
uniform irradiation is desirable. Additionally, this aspect 
of the invention is often preferred, particularly when the 
selected material is bodily tissue which may be undesir- 
ably damaged by non-uniform irradiation, such as irra- 

35 diation having an irradiation profile along the length of 
the tip which includes intense hot spots. 
[0056] Thus, the diffusing tip 20 of the present inven- 
tion is particularly useful in the treatment of bodily tissue. 
In such applications, the diffusing tip can be used intra- 

40 luminally or interstitially to irradiate bodily tissue, such 
as tissue that is normal or abnormal, or affected with 
benign or malignant tumors or cancers. When used in- 
traluminally, the diffusing tip is simply extended into the 
lumen of the bodily tissue. When used interstitially, the 

45 tip is inserted into the tissue, such as by puncturing or 
otherwise penetrating the tissue, and the tissue is then 
irradiated. 

[0057] In a particularly preferred application of the dif- 
fusing tip 20, the bodily tissue to be irradiated is pros- 

so tatic. The tip is inserted into a lobe of the prostate and 
the tissue is irradiated sufficiently to necrose a volume 
of the tissue. The tissue is preferably irradiated with light 
of a substantially uniform intensity profile along the irra- 
diating portion of the tip to avoid charring the tissue, for 

55 example, by undesirable hot spot irradiation. The tip is 
most preferably used in this manner to irradiate prostatic 
tissue that is affected by benign prostatic hypertrophy. 
Irradiation of prostatic tissue affected by benign prostat- 
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ic hypertrophy can be accomplished using an apparatus 
and a method, such as the apparatus and method of 
document WO 9 217 243 A (corresponding to United 
States patent application Serial No. 07/681 ,225 of Conn 
et al., filed on April 5, 1991), and United States patent 
application Serial No. 07/941 ,481 of Conn et al., filed on 
September 8, 1992. 



Claims 

1. A device for diffusing light supplied thereto by an 
optical fiber, comprising: an optical fiber (1 6) having 
a light-transmitting end (18); a light-transmissive 
first material (38) abutting and circumferentially sur- 
rounding the end of said optical fiber (16); and a 
light-transmissive second material (40) abutting 
and circumferentially surrounding said first material 
(38) so as to form an internal surface facing said 
first material (38), characterized in that said first 
and second materials define a light guide when light 
is transmitted from the end of the optical fiber (16) 
to the first material (38), said second material (40) 
having at least a part of said internal surface (46) 
modified sufficiently to transmit light travelling along 
the light guide to an outside surface (44) along a 
length (22) of said second material (40). 

2. A device according to Claim 1 wherein along a 
length of said first material, said first material has 
an index of refraction that is greater than that of said 
second material. 

3. A device according to Claim 2 wherein said first ma- 
terial has an index of refraction from about 1.4 to 
about 1.8. 

4. A device according to Claim 2 or Claim 3 wherein 
said second material has an index of refraction from 
about 1.3 to about 1.4. 

5. A device according to any of Claims 2 to 4 wherein 
said second material is impregnated with BaS04. 

6. A device according to any preceding Claim wherein 
the internal surface of said second material is 
abraded. 

7. A device according to claim 6 wherein the internal 
surface of said second material is increasingly 
abraded along a length thereof towards a distal end 
(48, 50) thereof. 

8. A device according to any preceding Claim wherein 
light is transmitted in a preselected direction relative 
to the outside surface of said second material. 

9. A device according to any preceding Claim wherein 



light is transmitted in a substantially uniform inten- 
sity profile along a length of the outside surface of 
said second material. 

5 10. A device according to any preceding Claim wherein 
said second material forms a tip (50) at the distal 
end thereof, said tip facilitating placement of the 
second material into a material selected for receiv- 
ing light therefrom. 

10 

11. A device according to any of Claims 1 to 9 further 
comprising a tip (66) attached to said second ma- 
terial at the distal end thereof, said tip facilitating 
placement of the second material into a material se- 
ts lected for receiving light therefrom. 

12. A device according to Claim 1 wherein an exposed 
core (32) of said optical fiber extends a distance into 
said first material and said first material and the core 

20 (32) are selected such that when light is transmitted 
from the end of the optical fiber to the first material, 
light is transmissible from the core to the first mate- 
rial along that distance. 

25 13. A device according to Claim 12 wherein said first 
material has an index of refraction that is equal to 
or greater than that of the core along the distance. 

14. A device according to Claim 13 wherein said first 
30 material has an index of refraction from about 1 .4 

to 1.8. 

15. A device according to Claim 13, wherein the core 
has an index of refraction from about 1.4 to about 

35 1.7. 

16. A device according to any preceding Claim, wherein 
said first material has a light scatterer disposed in 
the distal end portion thereof. 

40 

1 7. A device according to any preceding Claim, wherein 
said first material has a temperature sensor dis- 
posed in the distal end portion thereof. 

45 1 8. A device according to any of Claims 1 to 1 6, wherein 
said first material has a temperature sensor dis- 
posed along a length thereof adjacent to the internal 
surface of said second material. 

so 1 9. A device according to claim 1 7 or claim 1 8, wherein 
the temperature sensor is an optical temperature 
sensor. 

20. An apparatus for diffusing light from an optical fiber, 
55 comprising: 

a source of light energy (12); 

an optical fiber (16) having a proximal end (15), 
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optically coupled to said source, and a light- 
transmitting distal end (18), said optical fiber 
(16) carrying light energy from the proximal end 
(15) to the distal end (18); 
a light-transmissive first material (38) abutting 
and circumferentially surrounding the distal end 
(18) of said optical fiber (16); and 
a light-transmissive second material (40) abut- 
ting and circumferentially surrounding said first 
material (38) so as to form an internal surface 
facing said first material (38), characterized in 
that said first and second materials define a 
light guide when light is transmitted from the 
proximal end (1 5) of the optical fiber (16) to the 
first material (38), said second material (40) 
having at least a part of said internal surface 
(46) modified sufficiently to transmit light trav- 
elling along the light guide to an outside surface 
(44) along a length (22) of said second material 
(40). 

21. A method of delivering light energy to a selected 
material, comprising: 

providing a source of light energy (12); 
providing an optical fiber (1 6) having a proximal 
end (15), optically coupled to said source (12), 
and a light-transmitting distal end (18), the op- 
tical fiber (16) carrying light energy from the 
proximal end (15) to the distal end (18); 
providing a tip (20) comprising an inner portion 
(38) which abuts the distal end (18) of the opti- 
cal fiber (16) and circumferentially surrounds at 
least a portion of the optical fiber (16), and an 
outer portion (40) which abuts and circumfer- 
entially surrounds the inner portion (38) so as 
to form an internal surface facing said inner por- 
tion (38), characterized in that the inner and 
outer portions being of a light-transmissive first 
material and a light-transmissive second mate- 
rial, respectively, define a light guide when light 
is transmitted from the distal end (18) of the op- 
tical fiber (1 6) to the inner portion (38), the outer 
portion (40) at least a part of said internal sur- 
face (46) modified sufficiently to transmit light 
travelling along the light guide to a light-emitting 
portion of an outside surface (44) along a length 
of the outer portion (40); and 
irradiating a selected material with light from 
the light-emitting portion of the tip. 

22. A method according to Claim 21, wherein the light 
emitting portion transmits light in a substantially uni- 
form intensity profile along a length thereof. 

23. A method accordig to Claim 21 , wherein the select- 
ed material is volumetric and said irradiating heats 
a volume thereof. 



24. A method according to Claim 21, wherein the se- 
lected material is volumetric and said irradiating ir- 
radiates a volume thereof with photons. 

5 25. A device according to any one of claims 1 to 16, 
comprising a tip disposed at a distal end of the light- 
transmissive material, said tip composed of a ma- 
terial characterized by high reflectivity to avoid 
producing a hot tip. 

10 

26. The device of claim 25, wherein the tip material is 
gold. 

27. The device of any one of claims 1 to 16, 25 or 26, 
is wherein the tip is adapted to facilitate placement of 

the light-transmissive material into a material se- 
lected for receiving light. 

28. The device of claim 26, wherein the tip is sharp, 
20 pointed, or adapted for puncturing the selected ma- 
terial. 

29. A method of producing a light-diffusing tip for an op- 
tical fiber, comprising: 

25 

(a) providing an optical fiber (16) having a light- 
transmitting end (18); 

(b) providing a first light-transmissive material 
as a fluid which solidifies upon sufficient heat 

30 treatment; 

(c) providing a tip (20) of a second light-trans- 
missive material, the first and second materials 
defining a light guide when the first material 
abuts and circumferentially surrounds the end 

35 of the optical fiber (1 6), the second material 

abuts and circumferentially surrounds the first 
material so as to form an internal surface (46) 
facing the first material, and light is transmitted 
from the end of the optical fiber to the first ma- 
terial; 

(d) modifying at least a part of the internal sur- 
face (46) of the tip (20); 

(e) after (d), filling the tip (20) with the first ma- 
terial; 

45 (f) after (d), placing the end of the optical fiber 

in the tip (20); 

(g) after (e) and (0, heat treating the tip (20) suf- 
ficiently to solidify the first material. 

so 30. A method of producing a light-diffusing tip for an op- 
tical fiber according to claim 29, wherein the tip (20) 
is composed of a material characterized by high 
reflectivity to avoid producing a hot tip when light is 
transmitted from the optical fiber. 

55 

31. The method of claim 29 or claim 30, wherein the tip 
is adapted to facilitate placement of the light-trans- 
missive material into a material selected for receiv- 
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ing light. 

32. The method of claim 31, wherein the tip is sharp, 
pointed, or adapted for puncturing the selected ma- 
terial. 5 

33. The method of any one of claims 29 to 32, compris- 
ing the step of placing a temperature sensor in the 
tip. 

10 

34. The method of any one of claims 29 to 33, including 
providing the tip with a pointed end. 

35. The method of claim 34, comprising molding the tip 

to form the pointed end. is 

36. The method of any one of claims 29 to 35, wherein 
said modifying of the internal surface includes 
abrading the internal surface. 

20 

37. The method of claim 36, wherein the abrading in- 
cludes increasingly abrading the internal surface of 
the tip from a proximal end to a distal end thereof. 

38. The method of claim 36, wherein the abrading in- 25 
eludes rotating a brush within the tip such that bris- 
tles of the brush abrade the internal surface. 

39. The method of claim 36, wherein the abrading in- 
cludes rotating a drill bit within the tip such that the 30 
bit abrades the internal surface. 

40. The method of any one of claims 29 to 39, wherein 
the first material is silicone. 

35 

41. The method of any one of claims 29 to 40, wherein 
the second material is a fluoropolymer. 

42. The method of any one of claims 29 to 40, wherein 
said providing of the optical fiber includes exposing 40 
the core at the end of the optical fiber, the first ma- 
terial and the core selected such that when the first 
material abuts and circumferentially surrounds the 
core and light is transmitted from the end of the op- 
tical fiber to the first material, light is transmissible 45 
from the core to the first material. 

43. The method of claim 42, wherein the core is glass. 

44. The method of any one of claims 29 to 42, wherein 50 
the first material includes a first portion, which has 

a light-scattering material dispersed therein, and a 
second portion, wherein the second portion and the 
second material define the light guide when the sec- 
ond portion is circumferentially surrounded by the 55 
second material, and wherein said filling of the tip 
includes filling a distal end portion of the tip with the 
first portion prior to filling a remaining portion of the 



tip with the second portion. 

45. The method of claim 44, further comprising heat 
treating the tip sufficiently to solidify the first portion 
prior to said placing of the end of the optical fiber. 

46. The method of claim 44 or 45, wherein the first and 
second portions are silicone and the scattering ma- 
terial is selected from a group consisting of alumi- 
num oxide, titanium dioxide and diamond powder. 

47. The method of claim 29, wherein said providing of 
the tip includes providing a puncturing device at a 
distal end thereof. 



Patentanspruche 

1 . Vorrichtung zum Streuen von Licht, das der Vorrich- 
tung durch eine Lichtleitfaser zugefuhrt wird, um- 
fassend: 

eine Lichtleitfaser (16), die ein lichtaussenden- 

des Ende (18) aufweist; 

ein lichtdurchlassiges erstes Material (38), das 

an das Ende der Lichtleitfaser (16) angrenzt 

und dieses umlaufend umgibt; und 

ein lichtdurchlassiges zweites Material (40), 

das an das erste Material (38) so angrenzt und 

dieses umlaufend so umgibt, daft eine innere 

Flache, die dem ersten Material (38) gegen- 

uberliegt, gebildet wird, dadurch gekenn- 

zeichnet, daB 

das erste und zweite Material einen Lichtwel- 
lenleiter definieren, wenn Licht vom Ende der 
Lichtleitfaser (16) zu dem ersten Material (38) 
ubertragen wird, wobei das zweite Material (40) 
zumindest einen Teil der inneren Flache (46) 
aufweist, der ausreichend modifiziert ist, urn 
Licht, welches entlang des Lichtwellenleiters 
propagiert, an eine au&ere Oberflache (44) ent- 
lang eines Abschnitts (22) des zweiten Materi- 
als (40) durchzulassen. 

2. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB 

entlang eines Abschnitts des ersten Materials das 
erste Material einen Brechungsindex aufweist, der 
grd&er ist, als der des zweiten Materials. 

3. Vorrichtung nach Anspruch 2, dadurch gekenn- 
zeichnet, daB 

das erste Material einen Brechungsindex von un- 
gefahr 1,4 bis ungefahr 1,8 aufweist. 

4. Vorrichtung nach Anspruch 2 oder 3, dadurch ge- 
kennzeichnet, daB 

das zweite Material einen Brechungsindex von un- 
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zeichnet, daB 

das erste Material einen Brechungsindex aufweist, 
welcher gleich Oder grofter als der des Kems ent- 
lang der Strecke ist. 

5 

14. Vorrichtung nach Anspruch 13, dadurch gekenn- 
zeichnet, daB 

das erste Material einen Brechungsindex von un- 
gefahr 1,4 bis 1,8 aufweist. 

10 

15. Vorrichtung nach Anspruch 13, dadurch gekenn- 
zeichnet, daB 

der Kern einen Brechungsindex von ungefahr 1,4 
bis ungefahr 1,7 aufweist. 

15 

16. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB 

das erste Material einen Lichtstreuer aufweist, wel- 
cher in dem distalen Endbereich desselben ange- 
20 ordnet ist. 



gefahr 1,3 bis ungefahr 1,4 aufweist. 

5. Vorrichtung nach einem der Anspruche 2 bis 4, da- 
durch gekennzeichnet daB 

das zweite Material mit BaS0 4 beschichtet ist. 

6. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB 

die innere Flache des zweiten Materials angerauht 
ist. 

7. Vorrichtung nach Anspruch 6, dadurch gekenn- 
zeichnet, daB 

die innere Flache des zweiten Materials zuneh- 
mend entlang eines Abschnitts desselben in Rich- 
tung eines distalen Endes (48, 50) desselben an- 
gerauht ist. 

8. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB 

Licht in eine vorgewahlte Richtung relativ zu der au- 
fteren Oberflache des zweiten Materials ausge- 
sandt wird. 

9. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB 

Licht in einem im wesentlichen gleichmaBigen In- 
tensitatsprofil entlang eines Abschnitts derauBeren 
Oberflache des zweiten Materials ausgesandt wird. 

10. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB 

das zweite Material eine Spitze (50) an dem dista- 
len Ende desselben bildet, wobei die Spitze die Pla- 
zierung des zweiten Materials in einem Material, 
welches fur den Empfang von Licht von demselben 
ausgewahlt wurde, erieichtert. 

11. Vorrichtung nach einem der Anspruche 1 bis 9, da- 
durch gekennzeichnet, daB 

sie zusatzlich eine Spitze (66) umfaBt, die an dem 
zweiten Material an dem distalen Ende desselben 
angebracht ist, wobei die Spitze die Plazierung des 
zweiten Materials in einem Material, welches zum 
Empfang von Licht von demselben ausgewahlt wur- 
de, erieichtert. 

12. Vorrichtung nach Anspruch 1, dadurch gekenn- 
zeichnet, daB 

ein freiiiegender Kern (32) der Lichtleitfaser sich 
uber eine Strecke in das erste Material erstreckt 
und das erste Material und der Kern (32) so ausge- 
wahlt sind, daB, wenn Licht von dem Ende der Licht- 
leitfaser zu dem ersten Material ubertragen wird, 
das Licht von dem Kern zu dem ersten Material ent- 
lang dieser Strecke iibertragbar ist. 

13. Vorrichtung nach Anspruch 12, dadurch gekenn- 



17. Vorrichtung nach einem der vorangehenden An- 
spruche, dadurch gekennzeichnet, daB 

das erste Material einen Temperatursensor auf- 
25 weist, der in dem distalen Endbereich desselben 
angeordnet ist. 

18. Vorrichtung nach einem der Anspruche 1 bis 16, da- 
durch gekennzeichnet, daB 

30 das erste Material einen Temperatursensor auf- 
weist, der entlang eines Abschnitts desselben an- 
grenzend an die innere Flache des zweiten Materi- 
als angeordnet ist. 

35 19. Vorrichtung nach Anspruch 17 oder 18, dadurch 
gekennzeichnet, daB 

der Temperatursensor ein optischer Temperatur- 
sensor ist. 

40 20. Vorrichtung zur Streuung von Licht einer Lichtleitfa- 
ser, umfassend: 



eine Lichtenergiequelle (12); 

eine Lichtleitfaser (1 6), die ein proximales Ende 

45 (15), welches optisch an die Quelle gekoppelt 

ist, und ein lichtaussendendes distales Ende 
(18) aufweist, wobei die Lichtleitfaser (16) Lich- 
tenergie von dem proximalen Ende (15) an das 
distale Ende (18) ubertragt; 

50 ein lichtdurchlassiges erstes Material (38), das 

an das distale Ende (18) der Lichtleitfaser (16) 
angrenzt und dieses umlaufend umgibt; und 
ein lichtdurchlassiges zweites Material (40), 
das an das erste Material so angrenzt und 

55 dieses umlaufend so umgibt, daB eine innere 

Flache, die dem ersten Material gegenuber- 
liegt, gebildet wird, dadurch gekennzeichnet, 
daB 
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das erste und zweite Material einen Lichtwei- 
lenleiter definieren, wenn Licht von dem proxi- 
malen Ende (15) der Lichtleitfaser (16) zu dem 
ersten Material (38) ubertragen wird, wobei das 
zweite Material (40) zumindest einen Teil der 
inneren Flache (46) aufweist, der ausreichend 
modifiziert ist, urn Licht, welches entlang des 
Lichtwellenleiters propagiert, an eine auBere 
Oberflache (44) entlang eines Abschnitts (22) 
des zweiten Materials (40) durchzulassen. 

21. Verfahren zur Zufuhrung von Lichtenergie an ein 
ausgewahltes Material, umfassend: 

Bereitstellung einer Lichtenergiequelle (12); 
Bereitstellung einer Lichtleitfaser (16), die ein 
proximales Ende (15), welches optisch an die 
Quelle (12) gekoppelt ist, und ein lichtaussen- 
dendes distales Ende (18) aufweist, wobei die 
Lichtleitfaser (16) Lichtenergie von dem proxi- 
malen Ende (15) an das distale Ende (18) uber- 
tragt; 

Bereitstellung einer Spitze (20), die einen inne- 
ren Bereich (38), der an das distale Ende (18) 
der Lichtleitfaser (16) angrenzt und zumindest 
einen Bereich der Lichtleitfaser (16) umlaufend 
umgibt, und einen auBeren Bereich (40) um- 
faBt, der an den inneren Bereich (38) so an- 
grenzt und diesen umlaufend so umgibt, daB 
eine innere Flache, die dem inneren Bereich 
(38) gegenuberiiegt, gebiidet wird, dadurch 
gekennzeichnet, daB der innere und auBere 
Bereich aus einem lichtdurchlassigen ersten 
Material bzw. aus einem lichtdurchlassigen 
zweiten Material bestehen, einen Lichtwellen- 
leiter definieren, wenn Licht von dem distalen 
Ende (18) der Lichtleitfaser (16) an den inneren 
Bereich (38) ubertragen wird, der auBere Be- 
reich (40) zumindest einen Teil der inneren Fla- 
che (46) aufweist, der ausreichend modifiziert 
ist, urn Licht, welches entlang des Lichtwellen- 
leiters propagiert, an einen lichtemittierenden 
Bereich einer auBeren Oberflache (44) entlang 
eines Abschnitts des auBeren Bereichs (40) zu 
senden; und 

Bestrahlung eines ausgewahlten Materials mit 
Licht von dem lichtemittierenden Bereich der 
Spitze. 

22. Verfahren nach Anspruch 21, dadurch gekenn- 
zeichnet, dad 

der lichtemittierende Bereich Licht in einem im we- 
sentlichen gleichmaBigen Intensitatsprofil entlang 
eines Abschnitts desselben durchlaBt. 

23. Verfahren nach Anspruch 21, dadurch gekenn- 
zeichnet, daB 

das ausgewahlte Material volumetrisch ist und die 



Bestrahlung ein Volumen desselben erwarmt. 

24. Verfahren nach Anspruch 21, dadurch gekenn- 
zeichnet, daB 

5 das ausgewahlte Material volumetrisch ist und die 
Bestrahlung ein Volumen desselben mit Photonen 
bestrahlt. 

25. Vorrichtung nach einem der Anspruche 1 bis 16, da- 
10 durch gekennzeichnet, daB 

sie eine Spitze umfaBt, welche an einem distalen 
Ende des lichtdurchlassigen Materials angeordnet 
ist, wobei die Spitze aus einem Material ausgebildet 
wird, welches durch eine groBe Reflektivitat ge- 
ts kennzeichnet ist, urn die Produktion einer heiBen 
Spitze zu vermeiden. 

26. Vorrichtung nach Anspruch 25, dadurch gekenn- 
zeichnet, daB 

20 das Spitzenmaterial Gold ist. 

27. Vorrichtung nach einem der Anspruche 1 bis 16, 25 
Oder 26, dadurch gekennzeichnet, daB 

die Spitze geeignet ist, eine Plazierung des licht- 
25 . durchlassigen Materials in einem zum Empfang von 
Licht ausgewahlten Material zu erieichtern. 

28. Vorrichtung nach Anspruch 26, dadurch gekenn- 
zeichnet, daB 

30 die Spitze scharf , spitz zulaufend Oder geeignet zur 
Punktierung des ausgewahlten Materials ist. 

29. Verfahren zur Herstellung einer lichtstreuenden 
Spitze fur eine Lichtleitfaser, umfassend: 



a) Bereitstellung einer Lichtleitfaser (16), wel- 
che ein iichtaussendendes Ende (18) aufweist; 

b) Bereitstellung eines ersten lichtdurchlassi- 
gen Materials, wie ein Fluid, welches sich auf- 

40 grund ausreichender Warmebehandlung verfe- 

stigt; 

c) Bereitstellung einer Spitze (20) aus einem 
zweiten lichtdurchlassigen Material, wobei das 
erste und zweite Material einen Lichtwellenlei- 

45 ter definieren, wenn das erste Material an das 

Ende der Lichtleitfaser (16) angrenzt und die- 
ses umlaufend umgibt, das zweite Material so 
an das erste Material angrenzt und dieses um- 
laufend so umgibt, daB eine innere Flache (46), 

so die dem ersten Material gegenuberiiegt, gebii- 

det wird, und Licht von dem Ende der Lichtleit- 
faser zu dem ersten Material ubertragen wird; 

d) Modifizierung zumindest eines Teils der in- 
neren Flache (46) der Spitze (20); 

55 e ) nach d), Auffiillung der Spitze (20) mit dem 

ersten Material; 

f) nach d), Anordnung des Endes der Lichtleit- 
faser in der Spitze (20); 
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g) nach e) und f), Warmebehandlung der Spitze 
(20), welche ausreicht, urn das erste Material 
zu verfestigen. 

30. Verfahren zur Herstellung einer lichtstreuenden 
Spitze fur eine Lichtleitfaser nach Anspruch 29, da- 
durch gekennzeichnet, daft 

die Spitze (20) aus einem Material besteht, welches 
durch eine hohe Reflektivitat gekennzeichnet ist, 
urn die Produktion einer heiften Spitze zu vermei- 
den, wenn Licht von der Lichtleitfaser ubertragen 
wird. 

31. Verfahren nach Anspruch 29 oder 30, dadurch ge- 
kennzeichnet, daft 

die Spitze geeignet ist, um die Plazierung des licht- 
durchlassigen Materials in einem Material, daszum 
Empfangen von Licht ausgewahlt wurde, zu erieich- 
tern. 

32. Verfahren nach Anspruch 31, dadurch gekenn- 
zeichnet, daft 

die Spitze scharf, spitz zulaufend Oder geeignet zur 
Punktierung des ausgewahlten Materials ist. 

33. Verfahren nach einem der Anspruche 29 bis 32, da- 
durch gekennzeichnet, daft 

es den Schritt der Plazierung eines Temperatursen- 
sors in der Spitze umfaSt. 

34. Verfahren nach einem der Anspruche 29 bis 33, da- 
durch gekennzeichnet, daft 

es die Bereitstellung der Spitze mit einem spitz zu- 
iaufenden Ende umfalit. 

35. Verfahren nach Anspruch 34, dadurch gekenn- 
zeichnet, daft 

es das Gieften der Spitze zur Bildung des spitz zu- 
laufenden Endes umfaftt. 

36. Verfahren nach einem der Anspruche 29 bis 35, da- 
durch gekennzeichnet, daft 

die Modifizierung der inneren Flache das Anrauhen 
der inneren Flache beinhaitet. 

37. Verfahren nach Anspruch 36, dadurch gekenn- 
zeichnet, daft 

das Aufrauhen das zunehmende Aufrauhen der in- 
neren Flache der Spitze von einem proximalen En- 
de zu einem distalen Ende derselben beinhaitet. 

38. Verfahren nach Anspruch 36, dadurch gekenn- 
zeichnet, daft 

das Aufrauhen das Rotieren einer Burste innerhalb 
der Spitze beinhaitet, so daft die Borsten der Burste 
die innere Flache aufrauhen. 

39. Verfahren nach Anspruch 36, dadurch gekenn- 



zeichnet, daft 

das Aufrauhen so die Rotation eines Bohrers be- 
inhaitet, so daft die Bohrerspitze die innere Flache 
aufrauht. 

5 

40. Verfahren nach einem der Anspruche 29 bis 39, da- 
durch gekennzeichnet, daft 

das erste Material Silikon ist. 

10 41 . Verfahren nach einem der Anspruche 29 bis 40, da- 
durch gekennzeichnet ,daft 
das zweite Material ein fluorhaltiger Kunststoff ist. 

42. Verfahren nach einem der Anspruche 29 bis 40, da- 

15 durch gekennzeichnet, daft 

die Bereitstellung der Lichtleitfaser das Freilegen 
des Kerns am Ende der Lichtleitfaser beinhaitet, 
wobei das erste Material und der Kern so ausge- 
wahlt sind, daft, wenn das erste Material an den 

20 Kern angrenzt und diesen umlaufend umgibt, und 
Licht von dem Ende der Lichtleitfaser zu dem ersten 
Material ubertragen wird, Licht von dem Kem zu 
dem ersten Material ubertragbar ist. 

25 43. Verfahren nach Anspruch 42, dadurch gekenn- 
zeichnet, daft 

der Kem Glas ist. 

44. Verfahren nach einem der Anspruche 29 bis 42, da- 
30 durch gekennzeichnet, daft 

das erste Material einen ersten Abschnitt, welcher 
ein lichtstreuendes Material, das fein in diesem ver- 
teiit ist, aufweist, und einen zweiten Abschnitt ent- 
halt, wobei der zweite Abschnitt und das zweite Ma- 

35 terial den Lichtwellenleiter definieren, wenn der 
zweite Abschnitt durch das zweite Material umlau- 
fend umgeben ist, und, wobei das Auffullen der Spit- 
ze das Auffullen eines distalen Endbereichs der 
Spitze mit dem ersten Abschnitt vor dem Auffullen 

<o eines verbleibenden Bereichs der Spitze mit dem 
zweiten Abschnitt, enthalt. 

45. Verfahren nach Anspruch 44, dadurch gekenn- 
zeichnet, daft 

45 es zusatzlich die ausreichende Warmebehandlung 
der Spitze umfaftt, um den ersten Abschnitt vor der 
Plazierung des Endes der Lichtleitfaser zu verfesti- 
gen. 

50 46. Verfahren nach einem der Anspruche 44 Oder 45, 
dadurch gekennzeichnet, daft 
der erste und zweite Abschnitt Silikon sind und das 
streuende Material aus einer Gruppe umfassend 
Aluminiumoxide, Titandioxide und Diamantpulver 
55 ausgewahlt ist. 

47. Verfahren nach Anspruch 29, dadurch gekenn- 
zeichnet, daft 



50 



55 



13 



25 



EP 0 772 062 B1 



26 



die Bereitsteltung derSpitze die Bereitstellung einer 
Punktierungseinrichtung an dem distalen Ende der- 
selben enthalt. 



Revendications 

1. Dispositif pour diffuser la lumiere delivre par celui- 
ci par une fibre optique, comprenant : une fibre op- 
tique (16) comportant une extremite de transmis- 
sion de la lumiere (18) ; un premier materiau trans- 
mettant la lumiere (38) venant en butee et entourant 
circonferentiellement I'extremite de ladite fibre op- 
tique (16) ; et un second materiau transmettant la 
lumiere (40) venant en butee et entourant circonfe- 
rentiellement ledit premier materiau (38) de facon a 
former une surface interne en regard dudit premier 
materiau (38), caracteris6 en ce que 

lesdits premier et second materiaux definis- 
sent un guide de lumiere lorsque la lumiere est 
transmise depuis I'extremite de la fibre optique (16) 
au premier materiau (38), ledit second materiau 
(40) ayant au moins une partie de ladite surface in- 
terne (46) suffisamment modifiee pour transmettre 
la lumiere se deplacant le long du guide optique 
vers une surface exterieure (44) le long de la lon- 
gueur (22) dudit second materiau (40). 

2. Dispositif selon la revendication 1, dans lequel le 
long de la longueur dudit premier materiau, ledit 
premier matenau presente un indice de refraction 
qui est plus grand que celui dudit second materiau. 

3. Dispositif selon la revendication 2, dans lequel ledit 
premier materiau presente un indice de refraction 
allant d'environ 1,4 a environ 1,8. 

4. Dispositif selon la revendication 2 ou 3, dans lequel 
ledit second materiau presente un indice de refrac- 
tion allant d'environ 1,3 a environ 1,4. 

5. Dispositif selon Tune quelconque des revendica- 
tions 2 a 4, dans lequel ledit second materiau est 
impregne de BaS0 4 . 

6. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel la surface interne 
dudit second materiau est abrasee. 

7. Dispositif selon la revendication 6, dans lequel la 
surface interne dudit second materiau est abrasee 
de maniere croissante le long de la longueur de cel- 
le-ci vers son extremite distale (48, 50). 

8. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel la lumiere est trans- 
mise dans une direction preselection nee par rap- 
port a la surface exterieure dudit second materiau. 



9. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel la lumiere est trans- 
mise en une courbe d'intensite sensiblement unifor- 
me le long de la longueur de la surface exterieure 

5 dudit second materiau. 

10. Dispositif selon Tune quelconque des revendica- 
tions precedentes, dans lequel ledit second mate- 
riau forme une pointe (50) au niveau de son extre- 
me mite distale, ladite pointe facilitant le placement du 

second materiau dans un materiau choisi pour re- 
cevoir la lumiere a partir de celui-ci. 

11. Dispositif selon Tune quelconque des revendicat 
15 tions 1 a 9, comprenant, en outre, une pointe (66) 

fixee audit second materiau au niveau de son ex- 
tremite distale, ladite pointe facilitant le placement 
dudit second materiau dans un materiau choisi pour 
recevoir la lumiere a partir de celui-ci. 

20 

12. Dispositif selon la revendication 1, dans lequel un 
coeur optique expose (32) de ladite fibre optique 
s'etend sur une certaine distance dans ledit premier 
materiau et ledit premier materiau et le coeur opti- 

25 que (32) sont choisis de sorte que lorsque la lumiere 
est transmise depuis I'extremite de la fibre optique 
au premier materiau, la lumiere peut etre transmise 
depuis le coeur optique au premier materiau le long 
de cette distance. 

30 

13. Dispositif selon la revendication 12, dans lequel le- 
dit premier materiau presente un indice de refrac- 
tion qui est egal a ou superieur a celui du coeur op- 
tique le long de la distance. 

35 

14. Dispositif selon la revendication 13, dans lequel le- 
dit premier materiau presente un indice de refrac- 
tion allant d'environ 1,4 a environ 1,8. 

40 15. Dispositif selon la revendication 13, dans lequel le 
coeur optique presente un indice de refraction allant 
d'environ 1 ,4 a environ 1 J. 



16. Dispositif selon Tune quelconque des revendica- 
45 tions precedentes, dans lequel ledit premier mate- 
riau comporte un diffuseur de lumiere dispose dans 
sa partie d'extremrte distale. 

17. Dispositif selon I'une quelconque des revendica- 
50 tions precedentes, dans lequel ledit premier mate- 
riau comporte un capteur de temperature dispose 
dans sa partie d'extremite distale. 

18. Dispositif selon I'une quelconque des revendica- 
55 tions 1 a 16, dans lequel ledit premier materiau 

comporte un capteur de temperature dispose le 
long de sa longueur adjacent a la surface interne 
dudit second materiau. 
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19. Dispositif seion la revendication 17 ou 18, dans le- 
quel le capteur de temperature est un capteur de 
temperature optique. 

20. Appareil pour diffuser la lumiere issu d'une fibre op- 5 
tique, comprenant : 

une source d'energie lumineuse (12) ; 

une fibre optique (16) ayant une extremite 10 
proximale (15), couplee optiquement a ladite 
source, et une extremite distale (18) transmet- 
tant la lumiere, ladite fibre optique (16) vehicu- 
lant I'energie lumineuse depuis I'extremite 
proximale (15) a I'extremite distale (18) ; *s 

un premier materiau transmettant la lumiere 
(38) venant en butee et entourant circonferen- 
tiellement I'extremite distale (18) de ladite fibre 
optique (16) ; et 20 

un second materiau transmettant la lumiere 
(40) venant en butee et entourant circonferen- 
tiellement ledit premier materiau (38) de facon 
a former une surface interne en regard dudit 25 
premier materiau (38), caracterise en ce que 
lesdits premier et second materiaux definissent 
un guide de lumiere lorsque la lumiere est 
transmise de I'extremite proximale (15) de la fi- 
bre optique (1 6) au premier materiau (38), ledit 30 
second materiau (40) ayant au moins une par- 
tie de ladite surface interne (46) suffisamment 
modifiee pour transmettre la lumiere se depla- 
cant le long du guide optique vers une surface 
exterieure (44) le long de la longueur (22) dudit 35 
second materiau (40). 

21. Procede pour delivrer de I'energie lumineuse a un 
materiau selectionne, comprenant les etapes con- 
sistant a *o 

fournir une source d'energie lumineuse (12) ; 

fournir une fibre optique (16) ayant une extre- 
mite proximale (15) coupee optiquement a ladite 
source (12), et une extremite distale transmettant 
la lumiere (18), la fibre optique (16) vehiculant 45 
I'energie lumineuse de I'extremite proximale (15) a 
I'extremite distale (18) 

fournir une pointe (20) comprenant une partie 
interne (38) qui vient en butee sur I'extremite distale 
(18) de la fibre optique (16) et entoure circonferen- so 
tiellement au moins une partie de la fibre optique 
(16), et une partie externe (40) qui vient en butee 
et entoure circonferentiellement la partie interne 
(38) de facon a former une surface interne en re- 
gard de ladite partie interne (38), caracteri se en ce 55 
que les parties interne et externe sont constitutes 
d'un premier materiau transmettant la lumiere et 
d'un second materiau transmettant la lumiere, res- 
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pectivement, definissent un guide de lumiere lors- 
que la lumiere est transmise depuis I'extremite dis- 
tale (18) de la fibre optique (16) a la partie interne 
(38), la partie externe (40) ayant au moins une par- 
tie de ladite surface interne (46) suffisamment mo- 
difiee pour transmettre la lumiere se deplacant le 
long du guide optique vers une partie d'emission de 
lumiere d'une surface exterieure (44) le long de la 
longueur de la partie externe (40) ; et 

irradier un materiau selectionne avec la lu- 
miere provenant de la partie d'emission de lumiere 
de la pointe. 

22. Procede selon ia revendication 21, dans lequel la 
partie d'emission de lumiere transmet la lumiere se- 
lon une courbe d'intensite sensiblement uniforme le 
long de sa longueur. 

23. Procede selon la revendication 21, dans lequel le 
materiau selectionne est volumetrique et ladite irra- 
diation chauffe son volume. 

24. Procede selon la revendication 21, dans lequel le 
materiau selectionne est volumetrique et ladite irra- 
diation irradie son volume avec des photons. 

25. Dispositif selon Tune quelconque des revendica- 
tions 1 a 1 6, comprenant une pointe disposee a une 
extremite distale du materiau transmettant la lumie- 
re, ladite pointe etant composee d'un materiau ca- 
racterise par une reflectivite elevee pour eviter la 
production d'une pointe chaude. 

26. Dispositif selon la revendication 25, dans lequel le 
materiau de la pointe est Tor. 

27. Dispositif selon I'une quelconque des revendica- 
tions 1 a 1 6, 25 ou 26, dans lequel la pointe est con- 
cue pour faciliter le placement du materiau trans- 
mettant la lumiere dans un materiau selectionne 
pour recevoir la lumiere. 

28. Dispositif selon la revendication 26, dans lequel la 
pointe est effilee, pointue ou adaptee pour perforer 
le materiau selectionne. 

29. Procede de production d'une pointe de diffusion de 
ia lumiere pour une fibre optique, comprenant : 

(a) fournir une fibre optique (16) ayant une ex- 
tremite de transmission de lumiere (18) ; 

(b) fournir un premier materiau transmettant la 
lumiere comme un fluide qui se solidifie sur trai- 
tement thermique suffisant ; 

(c) fournir une pointe (20) d'un second materiau 
transmettant la lumiere, les premier et second 
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materiaux definissant un guide de lumiere lors- 
que le premier materiau vient en butee en en- 
toure circonferentiellement Textremite de la fi- 
bre optique (16), le second materiau vient en 
butee et entoure circonferentiellement le pre- 5 
mier entoure circonferentiellement le premier 
materiau de fagon a former une surface interne 
(46) en regard du premier materiau et la lumiere 
est transmise depuis I'extremite de la fibre op- 
tique au premier materiau ; 10 

(d) modifier au moins une partie de la surface 
interne (46) de la pointe (20) ; 

(e) apres (d), garnir la pointe (20) avec le pre- *5 
mier materiau ; 



(f) apres (d), placer I'extremite de la fibre opti- 
que dans la pointe (20) ; 

20 

(g) apres (e) et (0, traiter a chaud la pointe (20) 
pour solidifier suffisamment le premier mate- 
riau. 

30. Procede de production d'une pointe de diffusion de 25 
lumiere pour une fibre optique selon la revendica- 
tion 29, dans lequel la pointe (20) est constitute 
d'un materiau caracterise par une reflectivite ele- 
vee pour eviter de produire une pointe chaude lors- 
que la lumiere est transmise depuis la fibre optique. 30 

31. Procede selon la revendication 29 ou 30, dans le- 
quel la pointe est concue pour faciliter le placement 
du materiau transmettant la lumiere dans un mate- 
riau choisi pour recevoir la lumiere. 35 

32. Procede selon la revendication 31 , dans lequel la 
pointe est effilee, pointue ou concue pour perforer 
le materiau selectionne. 

40 

33. Procede selon Tune quelconque des revendications 
29 a 32, comprenant I'etape consistant a placer un 
capteur de temperature dans la pointe. 

34. Procede selon Tune quelconque des revendications 45 
29 a 33, incluant la fourniture d'une pointe avec une 
extremite pointue. 

35. Procede selon la revendication 34, comprenant le 
moulage de la pointe pour former I'extremite poin- so 
tue. 

36. Procede selon I'une quelconque des revendications 
29 a 35, dans lequel ladite modification de la surfa- 
ce interne inclut I'abrasion de la surface interne. 55 

37. Proctde selon la revendication 36, dans lequel 
I'abrasion inclut I'abrasion de maniere croissante de 



la surface interne de la pointe depuis son extremite 
proximate a son extremite distale. 

38. Procede selon la revendication 36, dans lequel 
I'abrasion inclut la rotation d'une brosse a I'interieur 
de la pointe de sorte que les brins de la brosse abra- 
sent la surface interne. 

39. Procede selon la revendication 36, dans lequel 
I'abrasion inclut la rotation d'une meche a I'interieur 
de la pointe de sorte que la pointe et la meche abra- 
sent la surface interne. 

40. Procede selon i'une quelconque des revendications 
29 a 39, dans lequel le premier materiau est cons- 
titue de silicone. 

41 . Proctde selon I'une quelconque des revendications 
29 a 40, dans lequel le second materiau est du fluo- 
ropolymere. 

42. Procede selon Tune quelconque des revendications 
29 a 40, dans lequel ladite fourniture de la fibre op- 
tique inclut I'exposition du coeur optique a I'extre- 
mite de la fibre optique, le premier materiau et le 
coeur optique selection nes de sorte que le premier 
materiau vient en butee et entoure circonferentiel- 
lement le coeur optique et la lumiere est transmise 
depuis I'extremite de la fibre optique au premier ma- 
teriau, la lumiere pouvant etre transmise du coeur 
optique au premier materiau. 

43. Procede selon la revendication 42, dans lequel le 
coeur optique est constitue de verre. 

44. Proc£d& selon I'une quelconque des revendications 
29 a 42, dans lequel le premier materiau inclut une 
premiere partie, qui comporte un materiau de diffu- 
sion de lumiere disperse dans celui-ci, et une se- 
conde partie, dans laquelle la seconde partie et le 
second materiau definissent le guide optique lors- 
que la seconde partie est entouree circonferentiel- 
llement par le second materiau et dans lequel ledit 
garnissage de la pointe inclut le garnissage d'une 
partie d'extremite distale de la pointe avec la pre- 
miere partie avant le garnissage d'une partie res- 
tante de la pointe avec la seconde partie. 

45. Procede selon la revendication 44, comprenant, en 
outre, le traitement thermique de la pointe suffisam- 
ment pour solidifier la premiere partie avant ledit 
placement de Textremite de la fibre optique. 

46. Procede selon la revendication 44 ou 45, dans le- 
quel les premiere et seconde parties sont consti- 
tutes de silicone et le materiau de diffusion est choi- 
si dans le groupe qui est constitue de I'oxyde d'alu- 
minium, du dioxyde de titane et de la poudre de dia- 
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mant. 

47. Procecte selon la revendication 29, dans lequel la- 
dite fourniture de la pointe inclut la fourniture d'un 
dispositif de perforation a son extr§mite dlstale. 5 
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